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ABSTRACT

AIM: To present the best housekeeping genes including clival/sacral based chordoma, and the nucleus pulposus cells.   
MATERIAL and METHODS: We investigated 13 candidate reference genes in public chordoma array transcriptome datasets, 
validated these genes by using RT-PCR, and evaluated their stability with NormFinder, geNorm, and Bestkeeper. 
RESULTS: YWHAZ, TBP and PGK1 genes were identified as the most stable reference genes as confirmed with three different 
approaches. Conversely, KRT8, KRT19 and GAPDH genes are less stable and not appropriate for use in chordoma research. 
CONCLUSION: For normalization of RT-PCR experiments in gene profiling of chordoma, we recommend the use of the stable 
genes YWHAZ, TBP and PGK1. 
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(i) to be required for the maintenance of cellular functions and 
(ii) to be expressed in all cells of an organism (25). These genes 
are expected to have stable expression, e.g., not to alter sig-
nificantly among tissues and experimental conditions (1,18). 
There are several, commonly employed reference genes used 
in RT-PCR studies such as Beta actin (ACTB), glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), hypoxanthine 
guanine phosphoribosyl transferase (HPRT1), some ribosomal 
proteins (e.g., RPS13, RPS29, RPL30) or the members of ker-
atin family (e.g., KRT8 and KRT19). However, the expression 
of many of these genes do vary unacceptably (9,14), which is 
not surprising per se, as some HKGs may have functions in 
various cellular process, in addition to cell maintenance (21). 
All in all, the selection of HKGs for RT-PCR studies should 
be experimentally justified; however, to the best of our knowl-
edge, no such justification is available for chordoma cell lines 
used in chordoma research. 

█   INTRODUCTION

Chordoma is a rare, locally invasive and slow-growing 
tumor that arises from the remnants of the notochord 
(4), with the incidence rate being 0.08 per 100000. Slow 

growth of chordoma causes the resistance to radiotherapy and 
chemotherapy (24). Since the pathology of chordoma is not 
entirely defined, the elucidation of its molecular mechanism 
is crucial to e.g., point out the new targets for therapy. Such 
an approach calls typically for expression studies, for which 
selection of a reference gene is of key importance. Reference 
genes allow for normalization and comparison of expression 
datasets obtained from different subtypes, different 
techniques, as well as from different labs as these datasets 
may span several orders of magnitude. 

A reference gene is typically defined as an internal control or 
housekeeping gene (HKG). Housekeeping genes are reported 
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In this study, we evaluated candidate reference genes to 
evaluate their stability in chordoma cell lines. For this, we 
analyzed publicly available datasets GSE95084, GSE48779, 
GSE101866 and GSE86036 belonging to chordoma cell lines, 
listed stably expressed genes and selected 13 frequently used 
reference genes. Once the candidate reference genes were 
selected, we carried out an RT-PCR study in 7 chordoma 
cell lines and a healthy control, nucleus pulposus cells.  The 
candidate reference genes are selected as: YWHAZ, TBP, 
PGK1, HPRT1, KRT19, KRT8, ACTB, GAPDH, B2M, RPS29, 
RPS13, RPL30 and their stabilities, e.g. their performances as 
reference genes, and chordoma biomarker TBXT gene were 
assessed by three different known statistical approaches: 
Normfinder, geNorm, and BestKeeper. 

█   MATERIAL and METHODS
High Throughput Expression Data

Ethical approval is not required for this study as the data was 
obtained from a publicly available database (https://www.
ncbi.nlm.nih.gov/gds). 

Available data from the literature were explored using GENT2 
toolbox, both for differential expression and for the discovery 
of stable genes, among normal and tumor tissues (16). The 
tools allowed searching for gene expression patterns across 
different normal and tumor tissues, obtained compiled from 
public gene expression datasets. The following datasets 
from different subtypes were selected: GSE95084 (clival), 
GSE48779 (sacral), GSE101866 (sacral) and GSE86036 
(sacral), in such a way to take into account different chordoma 
subtypes.

Software for Analysis of Stability

Gene stability analyses were assessed based on RT-
PCR measurements of candidate genes, via three known 
reference gene finding algorithms: NormFinder, geNorm and 
BestKeeper (2,17,22). Raw Ct values were used as input for 
each algorithm and the stability metrics for each gene for 
each algorithm were reported. While NormFinder and geNorm 
measure gene stability based on relative variance in Ct values 
for each gene (log transformed for geNorm), BestKeeper 
uses the significance of correlation between Ct values for 
the selected gene and geometric mean of all genes for each 
cell line. Additionally for geNorm, the so-called “V values” are 
also reported, pointing to the provisional number of selected 
candidate reference genes.

Cell Culture

Um-Chor, CH-22, JHC7, MugCC1, UCH1, UCH2 cell lines 
were provided from Chordoma Foundation (Durham, NC, 
USA), MugChor1 cell line was purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA) and Nucleus 
Pulposus cell line was acquired from AbmGood (AbmGood, 
Canada). The flasks were covered with % 1 of Gelatin before 
use. All cell lines have been checked and shown to be free of 
mycoplasma contamination. JHC7 cell line was cultured with 
DMEMF12 medium, Nucleus Pulposus cell is with PRigrow 
III medium (AbmGood, Canada) and the rest of chordoma 

cell lines maintained with in a special medium of IMDM/
RPMI (4:1). All cells’ media contains %10 of FBS and %1 
of Penicillin-Streptomycin. Cells were incubated at 37 °C in 
5% CO2. Trypsinization was applied when they reached %80 
confluence and washed with PBS and collected for RNA 
isolation.

RNA isolation and cDNA synthesis

Total RNA was isolated from each cell line pellet by using TRIzol 
Reagent (Invitrogen Life Technologies, Germany) according 
to the manufacturer’s protocol. RNA purity and yield were 
measured using a NanoDrop ND-1000 spectrophotometer. 
Total RNA (1 μg) was reverse-transcribed into cDNA in 
20μL final volume, using the High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, Rotkreuz, Switzerland) 
with random primers and RNase inhibitor, according to the 
instructions. 

RT-PCR Experiments

RT-PCR was performed by using a Step One Plus instrument 
(Applied Biosystem, USA) in triplicates. TaqMan PCR probes 
were used to detect genes of interest. The selected candidate 
genes were reported in Table I. Equal amount of cDNA (50ng) 
was added to the mixture of RT-PCR tube Amplification and 
real-time data acquisition were run using the following cycle 
conditions: 10 min at 95 °C, followed by 40 cycles of 15 s at 
95 °C and 1 min at 60 °C.

█   RESULTS
Expression Profiles of the Candidate Reference Genes

To gain a better insight into the gene expression in chordoma 
cell lines with different subtypes, we first inspected the 
expression levels of different types of chordoma cell lines using 
publicly available transcriptome data (GSE95084, GSE48779, 
GSE101866 and GSE86036) in GEO database (7). In doing so, 
we focused on 13 candidate reference genes and considered 
(i) overall expression level for each candidate reference gene 
and (ii) their differential expression with respect to the different 
cell lines (Figure 1). Considering the stably expressed genes 
and literature information, we finalized the candidate gene list 
(Table I). 

Genes with absolute log of fold change higher than 1 and 
Benjamini Hochberg adjusted p-value lower than 0.05 are 
considered to be differentially expressed. The ultimately stable 
genes then should have log fold change of 0 (that is, stably 
expressed or not changed) and a low p-value that would 
indicate statistical significance. The selected 13 genes were 
non-differentially expressed almost in each dataset, with the 
exceptions of KRT8 and TBXT genes in GSE95084, which is 
the dataset with the most similar experimental sample group 
to our study. YWHAZ, TBP, PGK1 and HPRT1 genes were 
stable in all datasets. Volcano plot of the datasets are shown 
in Figure 1. 

Determination of Reference Gene Expression Stability

To detect the stable genes in chordoma cell lines UmChor, 
CH22, JHC7, MugCC1, UCH1, UCH2, MugChor1 and JHC7 
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Table I: Initially Selected Pool of Genes, Candidates for Reference

Gene Symbol EnsemblID Gene Name TaqMan ID

T ENSG00000164458 T-box transcription factor T Hs00610080_m1

GAPDH ENSG00000111640 Glyceraldehyde-3-phosphate dehydrogenase Hs02786624_g1

ACTB ENSG00000075624 Actin beta Hs03023943_g1

TBP ENSG00000112592 TATA-box binding protein Hs00427620_m1

PGK1 ENSG00000102144 Phosphoglycerate kinase 1 Hs00943178_g1

KRT19 ENSG00000171345 Keratin 19 Hs00761767_s1

KRT8 ENSG00000170421 Keratin 8 Hs01595539_g1

B2M ENSG00000166710 Beta-2-microglobulin Hs00187842_m1

HPRT1 ENSG00000165704 Hypoxanthine phosphoribosyltransferase 1 Hs02800695_m1

YWHAZ ENSG00000164924 Tyrosine3-monooxygenase/tryptophan 
5-monooxygenase activation protein zeta Hs01122445_g1

RPL30 ENSG00000156482 Ribosomal protein L30 Hs00265497_m1

RPS13 ENSG00000110700 Ribosomal protein S13 Hs06633284_g1

RPS29 ENSG00000213741 Ribosomal protein S29 Hs03004310_g1

Figure 1: Volcano plot for the 
selected GEO Datasets, provided 
at the title of each plot. The 
selected candidate reference 
genes (Table I) are also shown 
in each subfigure. In each plot, 
the horizontal red line is the 
adjusted pValue threshold (pVal 
= 0.05) and vertical red lines are 
the thresholds for fold-changes 
(log2|FC|=1).
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The stability measures were calculated using NormFinder, 
geNorm and BestKeeper algorithms and reported in Figure 2A, 
together with the V-values from the geNorm algorithm (Figure 
2B). Overall, the stability values from different algorithms are 
in qualitative agreement among each other. The V-values 
additionally indicate that, from the initially selected gene 
pool, 5 genes can be further identified as reference genes 
for the current RT-PCR data from chordoma cell lines. We 
note that each algorithm points to a slightly different set of 5 
candidate genes, so the final list is constructed by considering 
the consensus, i.e. genes selected by all three algorithms 
constitute the final reference gene list. NormFinder identifies 
YWHAZ, PGK1, TBP, RPL30 and HPRT1 as candidate 
genes, while geNorm identifies B2M instead of HPRT1 and 
BestKeeper GAPDH instead of RPL30. Further observation of 
Figure 2a notes a conflicting result among the algorithms for 
KRT19, GAPDH and RPS29. While geNorm and NormFinder 
identify them as unsuitable to be reference genes, BestKeeper 
points to significant correlation and renders them comparably 
stable. Finally, YWHAZ, PGK1 and TBP genes are found to be 
the most stable by all three algorithms. 

were used. Candidate reference genes YWHAZ, TBP, PGK1, 
HPRT1, KRT19, KRT8, ACTB, GAPDH, B2M, RPS29, RPS13, 
RPL30 and chordoma biomarker gene TBTX level were 
detected by using RT-PCR. The comparison for RT-PCR Ct 
values was performed between sacral versus clival chordoma 
cell lines. The specifications of the cell lines were given in 
Table II.

Figure 2: Stability analysis for 
determining the reference genes. 
A) Stability measures calculated 
by each algorithm. The x-axis 
represents the genes, sorted 
with respect to the NormFinder 
stability values. Leftmost genes are 
candidates as reference genes. 
B) geNorm V-values as indicator for 
the final number of reference genes 
from the selected gene pool. The 
final list is set to contain 5 most 
stable genes. C) Consensus table 
for each gene with each algorithm. 
The final list of candidate genes are 
formed by taking the genes identified 
as reference by three algorithms.

Table II: Specifications of the Chordoma Cell Lines

Cell lines Disease 
Origin

Disease 
Status Age (years)

JHC7 Sacral Primary 61

MugChor Sacral Recurrent 57

UCH1 Sacral Recurrent 56

CH22 Sacral Recurrent 56

UmChor Clival Primary 66

UCH2 Sacral Recurrent 72

MUGCC1 Clival Primary 72

A

B C
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genes that should be used in chordoma research.

In the present study, the initially selected 13 potential 
reference genes were investigated in four different public 
chordoma array datasets. It was shown that the genes are 
stable in four of the datasets with one exception that belonged 
to GSE95084 dataset that comprises three clival chordoma 
cell lines with differentially expressed brachyury (TBXT) and 
KRT8 genes. KRT8, KRT19 and TBXT genes are expressed in 
developing notochord (6,11), and different expression levels 
of these genes in notochord and chordoma cell lines were 
also previously shown (18). This was also in agreement with 
our RT-PCR results that showed that KRT8, and TBXT genes 
levels are not stable. Cytokeratins are frequently used as 
reference genes in most cancer research (19). However, our 
results showed that KRT8 and KRT19 genes are not suitable 
in chordoma studies as reference genes. 

It has become clear that no single mRNA has a fixed 
expression level, and mRNA levels in reference genes can 
change quantitatively in response to a range of events, 
including developmental stage, cell cycle, and experimental 
circumstances, calling in turn for a set of reference genes. 
The number of reference genes identified by each of the three 
methods that we employed was 5. However, selection of the 
last two genes showed differences among the algorithms. The 
three algorithms produced contradictory results for KRT19, 
GAPDH, and RPS29. While geNorm and NormFinder exclude 
them out as reference genes, BestKeeper finds a substantial 
association and declares them comparable stable. This 
difference is due to the underlying idea of each algorithm. 
While geNorm and NormFinder deal with variance of Ct values 
over samples, BestKeeper deals with correlation (2,17,22). In 
our dataset, this might point to linear background bias: the 
expressions of these two genes change, yet this is measured 
to be in concert among cell lines. 

In our study, the most stable genes were identified as YWHAZ, 
TBP and PGK1. YWHAZ, PGK1 genes and the more frequently 
used ACTB gene were previously stated as stable genes in 
chordoma fresh tissues. However, in our samples, the stability 
of ACTB is not among the top five genes. One of the reasons 
for the incompatibility can be the sample variation since the 
previous study includes only clival samples (20). Our work 
considers both subtypes and healthy cells covering a broader 
range in a biological context. Thus, we do not recommend the 
ACTB gene to other chordoma researchers when performing 
their gene expression analyses.

Another widely used reference gene glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) is an enzyme that 
catalyzes the sixth step of glycolysis. Variation in GAPDH 
levels in different tissue types were shown before (5). In our 
study GAPDH mRNA levels in chordoma and healthy cell line 
showed large variation and as a consequence of this, it was 
detected as a less stable gene for chordoma research.

YWHAZ (Tyrosine 3-Monooxygenase/Tryptophan 5-Monoox-
ygenase Activation Protein Zeta) gene product is highly con-
served and involved in many vital cellular processes (1). The 
most stable 3 genes in chordoma and healthy control nucleus 

█   DISCUSSION
Chordoma is a rare bone tumor and its treatment is currently 
surgery and radiotherapy, yet chemotherapy is not an option 
(3). To create new chemotherapeutics for chordoma, it is 
crucial to understand the mechanism of both pathogenesis 
and therapeutics. In vitro tumor models are essential not only 
for searching for new substances with antitumor activity, but 
also for evaluating their efficacy (13). All in all, it is vital to have 
more information on chordoma disease models to understand 
the disease pathology (24). Gene expression analysis is key 
to investigate the underlying mechanisms of chordoma. 
Due to gene expressions differing among tissue types and 
experimental conditions, selecting stable reference genes is 
critical, allowing not only comparison within single studies, 
but also comparison across subtypes, platforms or labs. 

The rare occurrence of chordoma patients and the difficulties 
in searching for new drugs often lead researchers to use cell 
lines to investigate chordoma biology. High throughput gene 
expression data from microarray or RNASeq based studies is 
useful for this purpose yet such data on chordoma is scarce. 
In addition, any large or moderate size study calls for data 
aggregating approaches e.g., across subtypes, which in turn 
requires stable reference genes. Similarly, gene expression 
analysis by low-throughput RT-PCR is yet another important 
detection quantification method, commonly used in cancer 
research as it is a gold standard technique allowing observation 
of relative changes in gene expression via quantification of 
mRNA (10, 23). However, there are several factors affecting the 
sensitivity and accuracy of the gene expression, like enzyme 
activity (e.g. Reverse transcriptase, DNA Polymerase), RNA 
integrity and quality, proper handling, designing appropriate 
primers- probes and variations between cells or tissue 
transcriptional activity. To take account of these variables, 
normalization is needed by using a reference gene to compare 
with the target gene (8). Taken collectively, the selection of 
the suitable reference gene set is vital as variation in HKG 
may cause misinterpretations in gene expression studies. The 
typical approach is to compile a list of reference genes, as 
opposed to relying on a single HKG (12). Several algorithms 
are available for validation and selection of the right reference 
gene sets taking into account variations across experiments 
as well as across replicates. The available ones are geNorm 
(22), NormFinder (2), which focus on within-sample variation, 
and Bestkeeper (17) which focuses on correlation with the 
average expression.

In this study, we determined the reference genes of both 
sacral and clival originated chordoma cell lines, and the 
nucleus pulposus cell line which is a remnant of the notochord 
and an appropriate healthy control for chordoma cell lines, 
by evaluating transcriptomic data and RT-PCR analysis. The 
putative reference genes that we investigated are commonly 
employed as internal controls, owing to their relatively 
steady expression and also approved by the results of high 
throughput data analysis. We focused particular attention to 
genes from various functional families. Through analysing 13 
candidate reference genes by Normfinder, BestKeeper and 
GeNorm analysis, we detected the most suitable reference 
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pulposus cell lines were YWHAZ, TBP, PGK1 in our study in 
compliance with BestKeeper, GeNorm and NormFinder. Our 
results are in accordance with research by Lopa et al. (2016) 
that pointed out that YWHAZ is a stable gene in intervertebral 
disc, endplate and articular cartilage cell lines (15), and skull 
base chordoma tissues. Taken together with sacral and clival 
chordoma cell lines and non-tumoral nucleus pulposus cells, 
the recommended reference genes for chordoma research are 
YWHAZ, TBP, PGK1 genes.

█   CONCLUSION
This work consists of a detailed analysis of gene expression 
data for focused list of selected reference gene set. For 
normalization in gene profiling studies of chordoma, we 
recommend the use of the stable genes YWHAZ, TBP and 
PGK1 genes, for both clival and sacral subtypes, and different 
experimental techniques. 
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